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Executive Summary

Federalreservoirs are an important source of water supply in Kansas for roughty wor ds o f Kdhes as
ability of a reservoir to store water over time is diminished as the capacity is reduced through sedimémtatiore
cases reservoirs are iiily with sedinent faster than anticipated/hether sediment is filling the reservoir on or ahead of
schedule, it is beneficial to take efforts to reduce sedimentation to extend the life of the reservoir.

The Kansas Water Authority has establisheBeservoir Sustainability Initiativéhat seeks to integrate all aspects of
reservoir input, operations and outputs into an operational plan for each reservoir to ensure water supply stor
avalability long into the futureReduction of sediment input p&rt of this initiative.

The Tuttle Creek Watershed Streambank Erosion Assessment, an ArcGIS® Comparison Study, was initiated to parti
implement theReservoir Sustainability InitiativeThis assessment identifies areas of streambank erosion toeeovid
better understanding of the Tuttle Creek Watershed for streambank restptaiposes and to increase understanding of
streambank erosion to reduce excessive sedimentation in reservoirs across Kansas. The comparison study was desig
guide prioritzation of streambank restoration by identifyiHgy C10 and HUC12svhere erosion is most severe in the
watershed above Tuttle Creek Reservoir.

The KWO 2017 assessment quantifies annual tons of sedimentation from streambank erosion over the period betv
1991, 2002, or 2003 and 2015 in the Tuttle Creek Watershed within the KRegmsmal Planning Area (KS RPAA

total of 367 streambank erosion sites, covering 300,258 feet of unstable streambank were identifiedinEiglecent

of the identifiedstreambank erosion sites were identified as having a poor riparian condjienaarea identified as
having cropland, grass/crop streamside vegetation or narrow woodland (single line of trees between stream
cropland/pastureland Sediment trangpt from identified streambank erosion sites account94@;211tons (768 acre

feet) of sediment per yedransported from the Tuttle Creek Waterststicbams to Tuttle Creek Reservoir annually,
accounting for roughly 21 percent of the total load estichéitem the most recent bathymetric sunmarformed by a
U.S.Army Corps of Engineers contractor in 2009. It should be noted that the identified streambank erosion locations :
only a portion of all streambank erosion occurrences in the watershed. hOsdydtreambank erosion sites covering an
area 2,000 sqg. feet, or more, were identified.

Results by HUC10 indicate HUC10(505) and HUC10(706) as the most active HUC10s for streambank degradati
accounting for 188,818 feet of unstable streambank; 705t8ds (645 acrdeet) of sediment per year and 63 percent of
total estimated stabilization costs (Figure 5, 6, 7 and Table 2). Results by HUC12 indicate HUC12(50502
HUC12(50503), HUC12(70601) and HUC12(70603) as the most active HUC12s for streamipadatien, accounting

for 115,448 feet of unstable streambank; 548,492 tons (445femt)eof sediment per year and 38 percent of total
stabilization costs (Figure 8, 9, 10 and Table 3). Based on the average stabilization costs of $71.50 per linear f
conducting streambank stabilization practices for the entire watershed would cost approgigiatetyillion.

The KWO completed this assessment for iamsasRegional Advisory CommitteéKS RAC) and theTuttle Creek
Watershed Restoraticand Protection Strategy (WRAPS) Stakeholder Leadership Team (SLT). Information contained i
this assessment can be used by the Tuttle Creek Watershed WRAPS SLT to target streambank stabilization and rip
restoration effortdoward high priority HUC18 or HUC12sin the TuttleCreek Watershed. Similar assessmdiatge

been completeéh selected watersheds above reservoirs throughout Kansas and are available on the KWO website
www.kwo.org ormay be made availablgoan request to agencies and interested parties for the benefit of streambank an
riparian restoration projects.
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Introduction

Riparianareas are vital components of proper watershed function that, when wisely managed in context of a watersl|
system, can moderate and reduce sediment ifij#re is growing evidence that a substantial source of sediment in
streams in many areas of the couns generated from stream channels (Balch, 2007).

Streambank erosion is a natural process that contributes a large portion of annual sediment yield, but acceleration of
natural process leads to a disproportionate sediment supply, stream chatai®lity, land loss, habitat loss and other
adverse effects. Many land use activities can affect and lead to accelerated bank erosion (EPAn 2608) Kansas
watersheds, this natural process has been accelerated due to changes in land coverodifitétien of stream channels

to accommodate agricultural, urban and other land uses.

A naturally stable stream has the ability, over time, to transport the water and sediment of its watershed in such a ma
that the stream maintains its dimensiortigra and profile without significant aggregation or degradation (Rosgen, 1997).
Streams significantly impacted by land use changes in their watersheds or by modifications to streambeds and bank
through an evolutionary process to regain a more stalldition. This process generally involves a sequence of incision
(downcutting), widening and +&abilizing of the stream. Many streams in Kansas are incised (SCC, 1999).

Streambank erosion is often a symptom of a larger, more complex problem resgitigns that may involve more than
just streambank stabilization (EPA, 2008). It is important to analyze watershed conditions and understand the evolutior
tendencies of a stream when considering stream stabilization measures. Efforts to restastabilize streams should
allow the stream to speed up the process of regaining natural stability along the evolutionary sequence (Rosgen, 199
watersheebased approach to developing stream stabilization plans can accommodate the comprehensiandeview
implementation.

Additional research in Kansas documents the effectiveness of forested riparian areas on bank stabilization and sedil
trapping (Geyer, 2003; Brinson, 1981; Freeman, 1996; Huggins, 189darian vegetative type is an importantlttiat
provides indicators of erosion occurrence from land use practibegetative cover based on rooting characteristics can
mitigate erosion by protecting banks from fluvial entrainment and collapse by providing internal bank strength. Forest
riparian areas are superior to grassland in holding banks during high flows, when most sediment is transported. W
riparian vegetation is changed from woody species to annual grasses and/or forgfagb internal strength is
weakened, causing acceleoatiof mass wasting processgxtensive sedimentation due to ssuyface instability) (EPA,
2008). The primary threats to forested riparian areas are agricultural production and suburban/urban development.

In Kansas, monitoring the extent of erosion Igsse difficult, and current ufp-date inventories are needed. This
assessment identifies areas with erosion concerns and estimates erosion losses to provide a better understanding «
watershed for mitigation purposes and for application of undeistatmwatersheds across Kansas.

Study Area

Tuttle CreekReservoiris a 14,000 acre impoundment located in northeast Kansaslaiéreend of theBig Blue River.

The watershed consists of a total area of 9,628 square milesowghly threefourths ofthe drainage area in Nebraska
and the remainder iKansas.Construction began on theservoirin 19%2; the federally authorized purposereflood
control water supply,navigation, recreation anfish and wildlife maagement The original conservatiopool and
maximum storage capa@s of the reservoir were 425,312 aftrand 2,367017 acreft, respectively. The most current
bathymetric survey in 2@concluded tha#i1.26 percent of the 50 year design life for sediment storage at Tuttle Creek
Reservar has been lost to date, calculating the current sedimentation i&&9dacrefeet per yea(3,669,474tons/yi).

The bathymetricsurvey also concluded that the current storage capacity at the reservoir is estirBd8e83acrefeet

to date

Outflow from Tuttle CreelReservoirenters the Big Blue River about nine miles above its confluence with the Smoky Hill
and Republican rivers near Manhattan, Kansas, where the three rivers join to form the Kansas River. Tuttle Cre
Reservoiris amajor source of water (up to 5086 the flow) for the Kansas River, which supplies public drinking water
for the urban populations of Kansas City, Topeka and Lawr@ndde Creek Lake Watershed Partn&®805).Primary
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tributariesof Tuttle CreekReservar include Big Blue River, Little Blue River and Black Vermillion River. Major
secondary tributaries in the assessment area inclatm Creek,Mill Creek, Robidoux Creek, North Fork Black
Vermillion River, Clear Fork, West Fancy Creek, Mill Creek, Sprigek, Carnahanréek, EIm Creek and Swede
Creek

Land use within the Tuttle CreékeservoilWatershed is primarily agricultural, with approximately 72% of the land area
in corn, grain sorghum ather crops, 10% in pastureland and 10% in woodl&hd.long-term mean annual precipitation

in the watershed is 32 inches (81 cm) with most of the precipitation falling between April and September. The topograg
of the project area is highly dissected with slopes ranging from 1% to greater than 10%. The ptedsmiitypes within
thewatershed are silty clay loar{iButtle CreekReservoitWatershed Partnerg005).

Figure 1: Tuttle Creek Watershed Assessment Area
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Data Collection Methodology

The Tuttle Creek Watershed streambank erosion assessaeperformed using ArcGIS® software. The purpose of the
assessment is to identify locations of streambank instability to prioritize restorationamelsiew sedimentation rates

into Perry Reservoir ArcMap®, an ArcGIS® geospatial processing programs wailized to assess color aerial
photography from 2015 and compare it with 1991 or 2002 black and white aerial photography or 2003 color aer
photography, provided by the State of Kansas GIS Data Access & Support Center.

The streambank erosion assesshwas performed by overlaying 2015 county aerial imagery onto 1991, 2002, or 2003
aerial imageryFigure 23 . Using ArcMapE tool s, flaggressive movemer
and 2015 aerial photosere identified at a 1:2,500 scal@as asite o f st r eamb aAgdresseve raoyemeon .
represents arsaof 2,0 sqg. feet or more of streambank moveni@itveen 1991, 2002 or 2003 and 2@#sial photos.
Streambank erosion sites were denotoetht AlcGIS®gseftwaye program c
through the ArcMap® editor tool. The polygon features were crebyedketchingvertices following the 2015
streambank ahclosing the sketch bipllowing the 1991, 2002, or 2003 streambank at a 1:2,000 scale. Data provided
based on the geographic polygon siteslude: watershed location, stream name, typstfam ad type of riparian
vegetation.
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Figure 2: 2002 FSA& 2015 NAIP of a Streambank Erosion Site on theBig Blue River
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The streambank erosion assessment data also includes approximations of tons of soil loss from the erosion site.
portion of the assessment is performed by utilizing the identified erosion site polygon features. Tons of soil loss w
estimated by inaporating perimeter, area and streambank length of the polygons into a regression equation. Perime
and area were calculated throughfiletd calculatorapplication within the ArcGIS® software. The streambank length of
identified erosion sites was cpuied through the application of a regression equation formulated by the KWO office.
This equation was developed by taking data fromBEhbanced Riparian Area/Stream Channel Assessment for John
Redmond Feasibility Studg report prepared by The Watershimstitute (TWI) and Gulf South Research Corporation
(GSCR), and relating the erosion area (in sq. feet) and perimeter length of that erosion area (in feet) to the unstable st
bank length (in feet)The intercept of the model was forced to zero.

NWOOEOCABAOAAIT MATCEEE 18t Td XT® TP 0P T W

Where:
A= Area (sq.ft)
P = Perimeter (ft)

Tons of soil loss was estimated by first calculating the volume of sediment loss and then applying a bulk density estim
to that volume for the typical sdype of identified sitesThe volume of sediment was found by multiplying bank height
and surface ardast over the period between the 199002, or 2003 and 20Xerial photos and soil bulk density. This
calculated volume is then divided by the year period, to get the avetag#soil loss in mass/year.
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Where:

A = Area (sq.ft)

BH = Bank Height (ft)

A = Soil Pensity (Il b/ft

To complete the analysi®r the equation above for tons of soil lostreambantheightmeasurements of the identified
streambank erosion sitegere needed. Streambank heights were eseéntht by usi ng T W{adsas Rbaert ot
Basin Regional Sediment Management Section 204 Stream and River Channel AssBssaneatlection used in the
reportsé assessment oanfive bunvdyochtiosstwithin ahe butle KreeResarvgitwatershed.
Two survey locations were on the mainstem Big Blue River; one suvasyn the Little Blue River and one on the
Black Vermillion River both significant Big Blue River tributarie3he survey locations were chosen through aerial
phobograph interpretation and input frakWO (TWI, 2010) The TWI assessment height dtam the 4locatiors was

the base for extrapolatingtreambankheight measurementhiroughout the Tuttle CreeReservoirwatershed within
KansasWhere no streambank ebgions were available, Light Detection and Ranging AR) raster tiles available for
the Tuttle Creek watershed were used to calculate streambank heights at actively eroding sites.

Analysis

Streambank erosion sites were analyzed®wyligit Hydrologic Unit Codes (HUC1®nd12-digit Hydrologic Unit Codes
(HUC12) that theTuttle Creek WRAPS SLT identified as high priority watersh@elgures 3, 4. Streambanlerosion

sites were analyzeor: streambank length (feet) of the eroded bank; annual soil loss (tons); percent of streambank leng
with poor riparian conditionriparian area identified as having cropland, woodland, narrow woodland, or grass/crof
streamside vegetation); estimated sediment reduction through the implementation of streambank stabilization BMPs a
85% efficiency rate; and streambasiiabilization ost estimates for eroded streambank sit8&reambank stabilization
costs were derived fromn average cost to implement streambank stabilization BMPs, as reported in thcamgés
River Basin Regional Sediment Management Section 204 Stream and RiveelCAssessmern$71.50 per
linear footwas used to calculate average streambank stabilizad&is(Table J).

Figure 3: Tuttle Creek Watershed Streambank Assessment by HUC10
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Figure 4: Tuttle Creek Watershed Streambank Assessment by HUC12
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Table 1 TWI Estimated Costs to Implement Streambank Stabilization BMPs

Cost estimate per

BMP Cost Description linear foot
(in dollars)

1. Survey and design
Rock delivery and placement
As-built certification design $50 - $75
Bank Shaping

2. Vegetation (material and planting)
Cover Crop
Mulech
Willow Stakes -
Bare root seedlings
Grass filter strip

3. Contingencies
Unexpecled site conditions requiring extra materals and $3-3%55
construction time

TOTAL $58-585.5

Results
The KWO 20T assessment quantifies annual tons of sedimentation from streambank ex@sidhe perioetween

1991, 2002, or 2003 and 2016 the Tuttle Creek Watershewthin the Kansas Regional Planning Area (KS RPA)
total of 367 streambank erosion sites, coverB@0,258feet of unshade streambank were identified. Eightine percent
of the identified streambank erosion sites were identified as having a podarripandition (iparianarea identified as

7|Page



having cropland, grass/crop streamside vegetation or narrow woodland (single line of trees between stream
cropland/pastureland Sediment transport from identified streambank erosion sites accou8i/7f@ 1 tons(768 acre

feet) of sediment per yedransported from thuttle Creek Watershedtreams toTuttle CreekReservoirannually
accounting for roughl®1 percentof the total load estimated from the most recent bathymetric sypedgrmed by a
U.S.Army Corps of Engineers contractor in 2009.

Results by HUC1dndicate HUC10(505) and HUC10(706) as the most active HUC10s for streambank degradation
accounting forl88,818feet of unstable streambgrik95,840 tons(645 acrefeet) of sediment per year d63 percent of

total estimated stabilization costs(Figure 5, 6, 7 and Table).2Results by HUC12 indicate HUC12(50502),
HUC12(50503)HUC12(70601)and HUC12(70603) as the most active HUC12s for streambank degradation, accountin
for 115,448 feetof unstable streamban48,492tons @45 acrefeet) of sediment per year ar3B percent of total
stabilization costgFigure 8, 9, 10 and Table)3 Based on the average stabilization costs of $71.50 per linear foot,
conducting streambank stabilizatioraptices for the entire watersheould cost approximatef21.5million.

Figure 5: Tuttle Creek Watershed Streambank Erosion Assessmetllap by HUC10
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Table 2: Tuttle Creek Watershed Streambank Erosion Assessment Table by HUC10

Avg. Soil

SB Erosion  Stabilization : Poor Riparian Est. Sed % SB Length w,

HUC10 Streambanl _. . . SB Erosior Loss/Bank i, . .
MAKHTAH Length (f) Site Total Soi Cost Estimate Sites (#) e Condition/SB Reduction Poor R|.p_ar|an

Loss (T/YTr) €)) Length (ft) (T/YT) Condition
HUC10(502) 24,707 38,367 $1,766,550 42 1.55 23,837 -32,612 96%
HUC10(503) 2,853 4,294 $203,975 7 1.51 2,853 -3,650 100%
HUC10(504) 35,500 43,747 $2,538,223 53 1.23 34,272 -37,185 97%
HUC10(505) 106,727 448,261 $7,630,948 81 4.20 92,855 -381,022 87%
HUC10(506) 5,256 2,788 $375,807 13 0.53 5,256 -2,370 100%
HUC10(507) 11,804 3,999 $844,001 32 0.34 11,433 -3,399 97%
HUC10(703) 14,876 41,646 $1,063,662 12 2.80 12,778 -35,399 86%
HUC10(704) 422 145 $30,190 3 0.34 252 -123 60%
HUC10(705) 16,022 16,385 $1,145,607 48 1.02 15,367 -13,927 96%
HUC10(706) 82,091 347,579 $5,869,489 76 4.23 70,486 -295,442 86%

-805,129
85%

300,258
Est. Stabilization Cost/Linear Ft.

947,211 $21,468,451

$71.50Stabilization/Restoration Efficiency

269,389

Figure 6: Tuttle Creek Watershed Streambank Erosion Assessmei@raph by HUC10
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Figure 7: Tuttle Creek Watershed Streambank Erosion Assessmei@raph by HUC10

SB Erosion Sites (#)

Figure 8 Tuttle Creek Watershed Streambank Erosion Assessmemap by HUC12
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